There are wide individual differences in the reading skills of college students. For example, Perfetti (1984) estimates differences in reading speed of as much as 4 to 1 and similar differences in comprehension. To account for these individual differences, one can consider variation in three classes of processes: (a) processes analyzing the visual aspects of individual words and sentences. (b) processes integrating information presented at different points in a text, and (c) processes relating information in a text to general world knowledge (Frederiksen, 1982) . This paper is concerned with the first class, that of elementary informa-PALMER ET AL.
tion handling processes. There are considerable individual differences in people's ability to deal with isolated lexical items and in their ability to deal with simple, isolated sentences (Hunt, 1978) . How do these individual differences relate to reading skill?
To investigate this relationship, we had university undergraduates participate in a variety of tasks involving reading as well as selected aspects of perception and of memory for letters, letter strings, and words. The perception and memory tasks were considered in two groups. One group of tasks treated the stimuli as visual units or as visual symbols with a phonological code, but without regard to meaning. The other group of tasks required comprehending the meaning of the stimulus units. The motivation for these groupings was that the processing of a visual stimulus as a lexical unit is unique to reading, while tasks involving the processing of meaning should be related to language comprehension more generally. We hypothesized that these processes are potentially distinct sources of individual differences in reading skill.
Background
There is an extensive literature on nomothetic studies of reading and on the abilities of developing or disabled readers (see reviews by Smith & Spoehr, 1974; Gibson & Levin. 1975) . Furthermore, there is a growing literature on how individual differences in particular laboratory tasks are related to reading ability (cf. Calfee, 1977; Carr. 1981; Carroll & Maxwell, 1979; Perfetti & Lesgold, 1978 ). Yet, there are only a few studies measuring the relative roles of elementary information processing abilities as compared to more complex abilities. Two such studies are relevant. Jackson and McClelland (197.5. 1979 ) studied reading skill in university students using a variety of elementary information processing tasks. Most important was a set of related matching tasks that depended on five different kinds of information: the physical identity of nonlinguistic visual patterns, the physical identity of letters, the name identity of letters. the sound of words, and the meaning of words. In addition, Jackson and McClelland (1979) measured listening comprehension as well as reading comprehension and reading speed. The addition of a listening measure allowed them to address the relationship between reading ability and both general comprchension and elementary processing abilities.
Jackson and McClelland first defined reading skill as a combination of reading speed and comprehension.
This measure has the advantage of considering both speed and accuracy, but the disadvantage of combining possibly different aspects of reading without an explicit theoretical basis (cf. Blommers & Lindquist. 1944; McConkie, Rayner. & Wilson, 1973) . Next, they considered which of their measures best predicted reading skill. The listening comprehension measure showed the largest correlations (r = .7) and the linguisticstimuli matching tasks also produced significant correlations (r = .3 to .5). When combined in a multiple regression analysis, the best predictors of reading ability wcrc listening comprehension and letter-name matching. Given these correlations, and the result that the nonlinguistic matching tasks were not related to reading. Jackson and McClelland concluded that letter decoding and general comprehension are important components of reading. In other words. the relevant elementary information processing ability in reading is the ability to access the representation of a learned symbol. be it a letter or a word.
Jackson and McClelland acknowledged several limits on their conclusion. By using a small sample constructed from extreme groups, they almost certainly overstated the relations between their measures. For example, their data show the relationship between listening and reading comprehension growing from about r = .6 for their whole sample to about I' = .7 for their cx- can be divided into those requiring a response to visual or name properties of a stimulus (e.g., letter matching). and those requiring a response to the meaning of a stimulus (e.g., semantic verification).
For brevity, we refer to these as el~~mentrrrv and higher-order tasks. respectively. Our tasks can be further broken down into elementary paradigms using letter stimuli and otherwise identical paradigms using word stimuli. Thus, WC have three groups of tasks to relate to reading: elementary-letter tasks. elementary-word tasks. and higher-order tasks. The particular tasks used are given in Table 1 .
Two methodological notes are in order before describing our study in detail. The first concerns the need to control for "apparatus" effects. To measure reading, one simply asks people to read passages, and then to answer questions about the material they have read. Measures of information processing ability are usually more exotic; certainly the computer-controlled displays and keyboards of the typical reaction time study are unfamiliar to most subjects. In fact, if parallel "paper and pencil" and computer-controlled display techniques are used to measure the same cognitive ability, then a factor associated with "ability !o manipulate the apparatus'* will emerge (Lansman, Donaldson, Hunt, & Yantis. 1982) . This type of individual difference could complicate our results, To avoid this problem, we had our subjects perform a choice reaction time task that required rapid manipulation of the response apparatus following a nonlinguistic display. Performance in this task then could be used as a covariate in analyzing the relation between information processing and reading measures. In addition, we measured a variety of psychometric tasks as possible controls for other specific abilities. These included intelligence and memory span measures.
The second methodological note concerns our analysis. We used the Analysis of Covariance Structure method. For readers not familiar with this method. our application of it can be thought of as a factor analysis with the factor structure fixed in advance. This structure is then used to predict the pattern of individual differences. The output of the analysis is the set of parameters that maximizes the fit of the specified model to the observed correlation matrix. Also produced is a x2 evaluation of the model's goodness of fit. The method is described in detail by Joreskog and Sorbom (1978) . Joreskog (1974) , and by Bentlet (1980) . Frederiksen (1982) and Geiselman. Woodward, and Beatty (1982) illustrate its application to research on reading and information processing.
MEI'HOD

Subjects
Subjects were selected on the basis of their reading comprehension scores on the Washington pre-college test (1977) . This test is a group-administered scholastic aptitude test given to Washington State high school students who plan to attend college. On the reading comprehension subtest, students are given a fixed amount of time to read passages and answer questions about them. Reading comprehension is scored by the number of questions answered correctly. The range of reading comprehcnyion scores of University of Washington students was divided into six intervals.
Students were invited to participate until we obtained 15 subjects in each interval. Of a total 91 subjects, 46 were males and 45 were females balanced as well as possible over the six groups. Subjects were sophomores and juniors currently enrolled at the University of Washington, were native speakers of English, and had no uncorrected visual or auditory defects. They were paid $3.00 per hour plus a $5.00 bonus for completing the study. Seventy-five of the subjects returned for a follow-up session that occurred 5 months after the original study.
The study was conducted in seven sessions with small groups of subjects (~10 Subjects were given 20 minutes to read eight selections and answer four multiple-choice questions at the end of each selection. While answering questions. subjects were allowed to refer back to a passage. If they had difficulty with a question, they were told to make a reasonable effort and then go on to the next question.
The first minute of the test was used to determine reading speed. Subjects began reading the first passage and, at the end of 1 minute, were told to stop on the line they were reading and record that line on their answer forms. They then returned to their reading.
2. Other reading speed tests. There were two additional tests of reading speed. The e.~perimentcd reuding speed trst consisted of IO passages that were taken from a variety of magazines and textbooks. Each passage was between 300 and 500 words in length and was followed by a page containing three multiple-choice questions. Subjects were instructed to read each passage in their normal way. At the end of 45 seconds, they were told to stop and record the line number that they had reached. Subjects were advised that it was in their best interest to mark line numbers accurately. because scores on the questions would be calculated only from material that had been read. If they claimed to have read either more or less than they actually had. they would lower their scores. After marking the line number for a passage. subjects turned the page and answered the comprehension questions. They were given I minute before they were instructed to turn the page and read the next passage.
Also administered was the Minnesota speed ofreading test (Eurich, 1964) . It consists of 36 short paragraphs.
each containing an irrelevant phrase. The task is to cross out as many such phrases as possible in 5 minutes.
A!! three reading speed measures. the Nelson-Denny, our experimental measure. and the Minnesota.
are usually expressed in terms of material read within a unit of time. Here, this scale was transformed into the inverse measure, the time to read a unit of material (i.e., milliseconds per word ). This latter measure corresponds more closely to the reaction time measures and can be interpreted in terms of the duration of mental processing.
2. Mod$c~d-Lln~Ys reading trtrd lisrcning cc)t?7preIzctlsioil. The reading and listening comprehension tasks were based on identical materials. Forms A through D of the Davis reading test (Davis & Davis. 1963) were used. with the original forms modified by deletion of passages and questions that contained references to tables or specific line numbers.
Each modified form contained I:! passages and 45 questions. Form5 A and D were made into separate booklets for the reading comprehension task. Forms B and C were tape-recorded for the listening task. The listening tapes were alternated with the reading booklets.
For the reading task, subjects were instructed to read each passage carefully and then answer the questions without referring back to the material.
Each passage in a booklet was followed by ;I page containing several multiple-choice questions. Subjects were toid to guess only if they could rule out one or more of the five alternatives. Twenty minutes were allotted for each of the two booklets.
During the listening task. (Raven, 1965) . Each item is a 3 x 3 matrix with a missing entry in the lower right corner. The task is to choose the missing element from among eight alternatives by determining the rule used to construct elements across rows and down columns. Subjects were told to be sure they had the correct answer before continuing to the next problem. They were given 5 minutes to complete 10 practice problems. and 40 minutes to complete the 36 test problems.
5. Wcrshington pre-college test. In addition to the reading comprehension measure. we used six measures from this test.
(a) The Vocabulary subtest has students select the correct synonym for a given word.
(b) The English-usage subtest measures the ability to use grammar, punctuation, word choice. and capitalization rules. Cc) The Spelling subtest measures the ability to select a misspelled word from a set of words.
td) The Quantitative subtest included three scores: Mathematics achievement, Quantitative skills. and Applied mathematich.
(e) The Mechanical-reasoning subtest measures the ability to answer questions about illustrations of mechanical systems.
(f) The Spatial-ability subtest requires students to visualize how a two-dimensional figure would look in three dimensions if folded on certain lines.
Il!for-nlcltion Processing
T~~sk.s
Reaction time tasks. For all of the reaction time tasks, subjects were instructed to work as quickly as possible without making errors. Accuracy was stressed more than speed, and subjects were told their data could not be used if they made more than 10 errors per task (about 8% errors).
The following general procedures were followed. After each trial on a given task. subjects received visual feedback ("OK" or "NO") for 500 milliseconds. After every eight trials, subjects saw their mean reaction times from these eight trials and their accumulated total number of errors. When they were ready to begin the next set of eight trials, they pressed a key and the next trial began in 250 milliseconds. Thereafter. trials were spaced 500 milliseconds after trial feedback. Every trial was preceded by a warning dot which appeared for 250 milliseconds followed by a 250-millisecond interval before the stimulus onset.
For all reaction time tasks, there were two possible responses. Depending on the task, subjects used the right key on their response boards for a "same," "yes," or "right" response, and the left key for a "different," "no." or "left" response. Stimuli always remained on the screen until the subject responded. Stimuli for each task were presented in a randomly permuted order. This order was the same for all subjects, consistent with our decision to make procedures identical for all subjects. In addition, subjects were given one or two sets of practice trials before each experiment and were encouraged to ask questions if they did not understand.
I. T\tso-choicr reaction time. In the twochoice task, three stars were displayed to either the left or the right of fixation. Subjects were instructed to press the right key with their right index finger if the stars were on the right, and to press the left key with their left index finger if the stars were on the left. There were eight practice trials and 48 test trials. This was the first task performed in each of the five sessions because it refamiliarized subjects with the apparatus and provided a control measure of the ability of subjects to perform the basic elements of all reaction time tasks.
2. Visual senrclz. The search task required the subject to detect a target among a set of visually presented items (Sternberg & Scarborough, 1969) . On each trial, a single target item, either a letter or a word. was presented for 250 milliseconds.
It was then replaced by a search set of from two to five similar items. If the target item appeared in the search set. subjects responded yes by pressing the right key, otherwise they responded no by pressing the left key. There were 32 practice and 128 test trials. The four set sizes occurred equally often and were presented in random order. On half of the trials, the target item appeared in the search set; serial position was counterbalanced on these trials. In the letter version of the task, items were constructed from 24 lowercase letters. On each trial, letter strings were sampled without replacement.
In the word version of the task, the items were selected from a set of 24 common four-letter words (see Appendix A). All words were presented in lowercase.
3. Mutclziq. The matching task required subjects to determine whether two items had the same name (Posner & Mitchell, 1967) . The stimulus set for letter marching was constructed from the 16 letters listed in Appendix A. These letters appeared in randomly chosen pairs, using all permutations of uppercase and lowercase letters. Subjects were to respond same by pressing the right key if the letters had the same name, regardless of whether or not they also had the same case. Otherwise. subjects were to respond different by pressing the left key. Of the 128 test pairs. 32 were physically identical, 32 were name identical but physically dissimilar (different case). and 64 were pairs of letters with different names.
In the word version of this task. the stimuli were 32 pairs of common four-letter words (see Appendix A). The different trials consisted of word pairs differing by one letter (e.g., SINK, WINK).
with the changed letter balanced over position. The words were presented in upper-or lowercase, side by side. with one character space between words.
4. Lexird decision. The lexical-decision task required subjects to judge whether an item was a word (Rubenstein, Lewis. & Rubenstein.
1971). The stimulus set (ct. Appendix A) was made up of the lowercase word and nonword items used by Meyer. Schvaneveldt. and Ruddy (1972) . Trials consisted of two items presented consecutively, with each item requiring a response. Subjects were instructed to press the right key if an item was a word, and the left key if it was not a word. If subjects missed one or both items on a trial, the entire trial was counted wrong. There were I6 practice trials and 1% test trials. These I28 trials consisted of 16 pairs of associated words. 16 pairs of nonassociated words. 33 words followed by nonwords. 32 nonwords followed by words, and 32 pairs of nonwords. The sequencing of the trial types was random.
5. Pic.trrre-stJnten~~~ 13cr(fi'cution. This task required subjects to determine whether a sentence accurately described a picture (Clark & Chase, 1972) . The stimuli consisted of two pictures, ! and ; . and 16 lowercase descriptive sentences which varied in linguistic complexity (e.g., plus is above star; star is not below plus). Subjects saw one of the two possible pictures for 1500 milliseconds, followed by one of the sentences. If the sentence correctly described the picture, the subjects were instructed to press the right key; otherwise. they were to press the left key. There wet-c 16 practice trials and 128 test trials. There were four equally frequent levels of sentence-picture complexity: true affirmative. false affirmative, true negative. and false negative. These four conditions can be further divided in terms of whether the top item in a picture matches or mismatches the first noun in a phrase. For example, a match case would be t followed by the sentence "plus is not above star," and a mismatch case would be follvw~d by the phrase "star is not below plus." Match and mismatch cases occurred equally often across the four trial types.
4. Scmutztic decision.
The semantic decision task required subjects to determine whether a sentence was true based on their preexisting semantic knowledge. The stimuli were patterned after the set relations used by Collins and Quillian (1969) . and appear in Appendix A. Specifically. 110 three-level semantic hierarchies were used to construct true and false sentences. Examples of the stimuli for this task are A COBRA 1s A COBRA (level zero). A COP-PERHEAD IS A SNAKE (level one), A PYTHON IS A REPTILE (level two), and A VIPER IS A VOLCANO (false). The sentences were presented in random order, one at a time. in uppercase letters. Subjects were instructed to press the right key if a sentence was correct. the left key if a sentence was not correct. There were 16 practice trials followed by 170 test trials. Half of the sentences were true and half were false, with each set containing 30 sentences at each level.
In the span tasks, the stimuli appeared either simultaneously (Span of Apprehension) or successively (Memory Span). For each. subjects were told to watch closely and. at the end of a trial. to write the stimuli onto a response sheet in the order they were presented. Items recorded in the wrong order were counted incorrect and subjects knew that no item would be repeated on a single trial. An ascending "method of limits" design was used (cf. Lyon, 1977) where the number of items per trial was increased by one after every three trials. The responses were scored with Brener's method of estimating the largest span that can be perfectly reported (see Lyon. 1977) . As an illustration.
if a subject worked up from four items per trial to six items per trial, and if three of the four-item trials were correct, two of the five-item trials were correct. and none of the six-item trials were correct, then the span score would be 3.66.
Each span task began with three practice trials. When a subject was ready. they pressed a key and in 250 milliseconds a trial began. Each trial started with a fixation point in the same fashion as the reaction time tasks. The stimuli in each display consisted of a set drawn from either the letters or the words that were used in the search tasks. After the display. subjects could take as long as they wished to record the items. Feedback was given afterward, but only for the practice trials.
7. Mc17lorl\* s/>cln. In a trial, stimuli were presented one at a time at a rate of two per second. Four stimuli were presented for the three practice trials and for the first three test trials on both the letter and word versions of this task. With an item being added after every three test trials, eight items were presented by the end of the experiment. Subjects used separate response sheets for the letter and word versions of the task. but there was no difference bctween the sheets. Subjects were not permitted to write on the response sheets until a trial was completed.
8. Sprrrz 0j clpprelzc~tzsiotl. Stimuli were presented simultaneously for 100 milliseconds. Because of the task's difficulty, two letters were presented for the three practice trials and first three test trials. With a letter being added after every three test trials, six letters were presented by the end of the 15 test trials. With word stimuli. a session began with single-word presentations and ended with five-word presentations.
We first review the outcomes of the individual information processing experiments. Our intention is twofold: to demonstrate a qualitative replication of the paradigm's results, and to establish quantitatively reliable measures for further analysis. Qualitative results are discussed in both nomothetic and individual-subject terms. Quantitative effects al-e discussed Figure I shows, the results fit a linear model (letters, r' = .9X: words. r7 = .97. II = 2). A linear model was also fit for individual subjects (letters. mean r' = .X-l: words. mean r2 = .95, II = 21.' 3. Matching.
The matching experiment replicated the reaction time difference between name identity and physical identity matches (letters. 78 i 19, milliseconds: words. 100 i 17 milliseconds). This difference measure was calculated for each subject but did not prove reliable. Although previous work in our laboratory and elsewhere has shown this measure to be a reliable variable for individual differences research (Hunt. 1978) . the number of trials used here was considerably less than the number used elsewhere. This would, ot course, lower the reliability. times for nonwords as opposed to words was reliable for individual subjects (difference of 7X 2 10 milliseconds, reliability of I' = .65). Although the semantic facilitation effect (Meyer et al., 1972) was also replicated (47 -+-12 milliseconds). it did not prove to reliable over subjects (K < .3).
5. Pi(,fttre-sctltc~t1c.r 1~cr(f>cutiotl.
As Figure 9 illustrates, the original Clark and Chase ( 1972) The effect of hierarchical relationships reported by Collins and Quillian (1969) was replicated. The superordinate effect is illustrated in Figure 3 . Unfortunately, while the critical difference between levels I and 2 is significant for the group data (225 t 36 milliseconds), the individual subject differences were not rcliable (r < .?I.
7. Sprtrl of ~zpprrhetwion. The previously found differences in the tachistoscopic report of letters and words (Cattell, 1885) were replicated. In the letter version, subjects reported 3.9 '-+ 0. I letters, while in the word version. subjects reported 8.X i .4 letters (the equivalent of 2.2 words).
8. Mcmoty span. Little difference was observed between the number of letters reported (5.1 i 0.2) and the number of words reported (5.1 + 0.2). This was contrary to our expectation of an advantage for letters (cf. Cavanagh, 1977,) .
9. Ps~cltonrc~tric~ ~~~LI.IIIYPS. The psychometric measures are described in Table 4 in similar detail to the other measures.
IO. Rrditq tttectsttws.
Both of the locally developed reading measures proved to to the bottom element i n the picture IMISMATCH).
be reliable and correlated with the stan-PAI,MEK ET AL. of the reading, listening, and the information processing measures. These composites were formed by adding the standardized scores (mean 0, standard deviation I) of selected measures. Specifically, the reading composites were formed by adding scores from each of the reading tests, and the information processing composites were formed by adding the scores from each task using similar materials (see Table  I ). For example, the reading comprehension composite was formed from the Nelson-Denny, Washington pre-college. and both versions of the modified-Davis reading comprehension tests; the letter composite was formed from the letter search. letter match, and span-of-apprehension tasks.
The composites summarize the data and highlight three observations. First, the reading and listening comprehension measures are more closely related than are the reading speed and comprehension measures (1. = .82 versus ..59). This observation is supported by the individual correlations between the individual measures. The individual correlations between reading comprehension and listening comprehension were Y = .74, .X0. .68, and between reading comprehension and reading speed were I' = .25 to .60 (see Table 12 ). Second. the letter measures show little relationship to reading (,-= .03, .03) while the word measures are related to reading, particularly reading speed (I' = .37. .23). Supporting this point. the individual correlations between any of the letter tasks and reading show no significant relationships (see Table 13 ). In contrast, the correlations between word tasks and reading speed range from I. = .09 up to "7 1,. togram of our subjects' Nelson-Denny test scores plotted in terms of the norms for college students (Nelson & Denny, 1960) . The distribution, while predictably noisy, shows no significant deviation from the expected rectangular distribution x'(9) = 9.56, p > .I. In particular, our sample is not biased to high, middle. or low ability readers. Thus, it approximates a normal university student population.
In summary, these preliminary analyses establish the features necessary to enter these measures into an individual differences analysis. First. each measure is reliable over trials or parallel forms. Second. each replicates the main effects established by previous nomothetic literature.
The individual difference results will be considered in four sections. The first introduces the results with composite measures. This is followed by three separate analyses of the individual measures, each addressing a distinct question. These are (a) the relationship between listening and reading, (b) the relationship between reading and the elementary tasks.
(c) the relationship between reading and the higher-order tasks.
Each relationship will be addressed by using structural equation models to test specific hypotheses.
We first present some of the simple correlations between measures. To reduce the confusion that can occur in trying to interpret the sign of a correlation with many types of dependent variables, positive coefficients are reported for positive relationships throughout the paper. For example. since lower reaction times are associated with higher ability, the correlation between reaction time and reading ability is algebraically negative. Here a positive correlation is reported, since good performance in reaction time is found with good performance in reading.
There are 28 measures that were considered in the individual differences analysis. Twelve were from the information processing tasks including eight latency measures (median reaction times of correct trials), and four span measures (frequencies of correct report). Sixteen other measures were from psychometric tests including three reading speed measures (reading times for a word), four comprehension measures, and nine general ability measures (frequencies of correct response). A complete correlation matrix of these measures is given in Tables 11. 12. and I3 of Appendix B.
To summarize the results, of the reading, listening, and the information processing measures. These composites were formed by adding the standardized scores (mean 0, standard deviation I) of selected measures. Specifically. the reading composites were formed by adding scores from each of the reading tests, and the information processing composites were formed by adding the scores from each task using similar materials (see Table  1 ). For example, the reading comprehension composite was formed from the Nelson-Denny, Washington precollege, and both versions of the modified-Davis reading comprehension tests: the letter composite was formed from the letter search, letter match, and span-of-apprehension tasks.
The composites summarize the data and highlight three observations. First, the reading and listening comprehension measures are more closely related than are the reading speed and comprehension measures (Y = .X3 versus .59). This observation is supported by the individual correlations between the individual measures. The individual correlations between reading comprehension and listening comprehension were I' = .74. .80. .68. and between reading comprehension and reading speed were Y = .25 to .60 (see Table 12 ). Second. the letter measures show little relationship to reading (r = .03, .03) while the word measures are related to reading. particularly reading speed (1. = .37. .23). Supporting this point. the individual correlations bctwcen any of the letter tasks and reading show no significant relationships (see Table I? ). In contrast, the correlations between word tasks and reading speed range from I. = .09 up to .47, and between word task:, and reading comprehension range from I' = .OO to .3 I. Third. the higher-order measures are rclated to both reading speed and comprehension. Here. the individual correlations between higher-order tasks and reading ranged between .34 and .47. To pursue each of these observations further. vve consider next analytic models of each observation.
Listening md Rending Abilities
Should a distinction be made between listening and reading or between speed and comprehension? One view is that there arc distinct, interrelated abilities of reading and listening but no distinction between the abilities of reading speed and reading comprehension. This view was taken by Jackson and McClelland (1979) . who combined different reading measures and used listening to "partial out" what is common between reading and listening abilities. The alternative view is to consider speed and comprehension tasks as requiring distinct abilities and to emphasize similarities hetween reading and listening. According to this view, reading speed and comprehension reflect largely separate abilities, each a distinct part of overall reading performance (e.g., Blommers & Lindquist, 1944 : McConkie. et al.. 1973 . Reading and Ii+ tening comprehension. furthermore, reflect a single, general comprehension ability rather than distinct abilities (e.g.. Sticht. 1972) .
These two positions can each be realized as a particular trait model of the relevant abilities. To provide relative evaluation ot each position, the method of hierarchical model testing will be used. Specific model\ will be contrasted to a general model that subsumes each specific model as a special case. To illustrate. the two positions summarized above can be thought of as spec~ai cases of a three-factor model that poxtulates distinct. interrelated factor\ forreading speed, reading comprehension. and listening comprehension. The question becomes. does the general model provide ;I reliably better fit to the data than a specific model that assumes separate reading and listening traits, but makes no distinction helween reading speed and reading comprchension'.' 7'11~ golrt~rl t~~otlrl. The general model ix shown in Figure 5 . Following the conventions of covariance structure model?. the figure shows observed measures as ho\c\. latent factors as circles. and the interrelationships with arrows. The absence of an arrow indicates no relationship.
As illustrated. the three-factor model parallels the experimental design of reading speed. reading comprehension.
and listening comprehension measures. In addition. a factor representing ability in choice reaction time is included to control for method-of-measurement ability differences. This factor becomes important in analyzing later models that introduce other reaction time tasks: here, it has little effect.3
The general model specifies trait factors for each of four sets of measurements. Each factor is directly associated with its own measures, but only indirectly associated with other measures via factor interrelationships. An exception is the choice reaction time factor which is defined to be directly associated with all tasks and defined to be unassociated with the other factors. The other factors. as a result, are required to be independent of the abilities associated with choice reaction time. In other words, the model "partials out" any ability uniquely associated with making speeded responses.
The general model in Table 6 Factor-interrelationship\ Unique variance statistic follows the x' distribution, with the degrees of freedom equal to the difference between the degrees of freedom in the specific and the general model.
A "reading and listening'* model was defined by combining the reading speed and comprehension factors into a single reading factor. There was a large decrease in the fit of the model, difference x'(2) = 117, p < ,001. The reading and listening factors were highly related, i = .90 2 .04. The large x' indicates that it is not appropriate to combine reading speed and reading comprehension into a single trait.
A speed and comprehension model was then defined by combining the reading comprehension and listening comprehension factors into a general comprehension factor. There was an insignificant decrease in the fit, difference x'(2) = 2.4, p > .I. The relationship between speed and comprehension was substantial but not close to unity, r' = .60 i .09. Thus. the speed and comprehension restricted model does fit the data virtually as well as the general model.
The next analysis concerns the elementary tasks of search, matching, and span of apprehension. Recall that each task was performed with both letters and words. Three questions will be asked: were the letter and word tasks distinct, were they each related to reading, and were they equally related to speed and comprehens i 0 n '.' Gc~rrc~rr~l F?Io~/P/. Tdbte 7 presents a general factor model for the tasks. Factors are tionships shown at the bottom of Table 7 .' The letter trait shows a near zero correlation with the reading traits. The word trait shows larger positive correlations to reading (with reading speed, i = .45 ? I 1, and with reading comprehension, B = .20 IL .14). This pattern of correlations is very robust under a number of alternative models. For example, one can leave out the choice reaction time trait, leave out the span tasks. or build an explicit multimethod, multitrait model (Campbell Rr Fiske. 1959) without changing the results.
Tests of .spec$ic models. Several restricted models were tested, using the x2 difference technique described above. The results were as follows:
(a) Combining the letter and word factors led to a significant decrease in the fit of the model, difference x'(3) = 32.4, p < .OOl. Hence, separate factors are necessary for letter and word tasks. tb) Constraining the relationship between the letter factors and reading factors to zero did not reduce the fit of the model, difference ~~(2) = I .3, p > .I.
(c) By contrast. constraining the relationship between the word factors and reading factors did lead to a significant decrease in model fit, difference ~~(2) = 13.5. p -c: .Ol.
(d) Constraining the relationship between reading and letter factors to be the same as between reading and word factors did significantly decrease the fit of the model, difference x'(2) = 18.2, p < .OOl.
(e) Restricting the relationship between word and reading speed factors to be the same as the relationship between word and defined to be related to only one or another ' The main results are the trait interrela-pendi u ~1. PALMER E.1' AL. reading comprehension factors also reliably decreased the fit, difference x2( 1) = 5.5, p < .05 (combined ? = .40).
On the basis of these analyses, we can conclude two things, one confirming other results and one more novel. First, the letter and word tasks involve distinct abilities that have different relationships to reading ability. The letter tasks are not related to reading while the same tasks with words are related to reading. This conclusion goes beyond related work (e.g.. Katz & Wicklurid, 1972: Jackson & McClelland. 1975) by demonstrating the pattern in several tasks and by using a more general statistical model than in earlier studies. Second, the word tasks were more related to reading speed than reading comprehension. This difference was unexpected although. in retrespect. one might have anticipated it from work on paper and pencil tests (Hotme\. 1954) . The second result also supports our decision to consider speed and comprehension as separate abilities.
,-\ltrrrltrti\~r irltel'l~,'Ptlrtiorls. The correlations between the reading measures and word tasks may have a number of sources. One .. uninteresting" explanation i> that the observed correlations could be due to systematic changes in accuracy criteria. For example. word matching might be positively correlated with reading comprehcnsion because good readers guess the identit! of word4 earlier in speeded tasks. One would. then. expect good readers to show mot-t: errors in the reaction time tasks. More generally. this speed-accuracy explan;ition implies that error measures and reaction time measures should have correlatlons of opposite sign with the reading measures (cf. Jackson & McClelland. 19Y) .
To evaluate this possibility. we had to look for a general effect over tasks, since errors in individual tasks were too infrequent to be reliable. A composite error measure was obtained for each individual by summing his or her standardized error \corcs from each of the reaction time tasks.
The composite error measure showed consistent negative correlations with the reaction time tasks (1. = -.25 to -.45). These reflect the usual speed-accuracy trade-off. However.
the error measure was uncorrelated with all of the psychometric tasks, including the reading measures (e.g.. with modified-Davis reading comprehension I' = .OC, with experimental reading speed I. = ,001. Thus an accuracy bias could not have accounted for the correlations between the word tasks and reading.
The next analyses concern the higherorder tasks: lexical decision. picture-sentence verification, and semantic decision. Two questions will be asked. Do the higherorder tasks tap skills not tapped by the elementary tasks'! If they do, are the higherorder skills related to reading'? We also consider Lvhether the lexical decision tash is better grouped with the word or with the higher-order tasks. This question is of interest because lexical decision is the only higher-order task that involved single words rather than groups of words.
Gt~tlt~tuI ttwtlcl. The general model is presented in Table 8 .' It resembles the general model of Table 7 , except that the word and higher-order tasks are considered, rather than word and letter tasks. Two resulta arc of interest.
The lexical decision measure was allowed to load on either the "word" or "higher-order" facto]-. higher-order factor was correlated both with the reading speed factor. k = .51 i .I0 and with the reading comprehension factor. I' = ..55 -t . IO. These correlation estimates were quite robust over variations in the model.
Tests of specific models. As before, we restricted this general model to test a number of specific hypotheses about the trait interrelationships.
(a) Constraining the lexical decision task to load only on the higher-order factor did not significantly decrease the model fit, difference x2(l) = .3, p > .I.
(b) Constraining the lexical decision task to load only on the word factor did reliably decrease the model fit, difference x'(l) = I I .7, p < .Ol. The lexical decision task clearly is more like the higher-order tasks than like the word tasks. The remaining analyses are based on a general model with lexical decision only loading on the higherorder factor.x (c) Combining the word and higher-order factors led to a reliable decrease in the fit of the model, difference x'(3) = 35.0, p < .OOl.
(d) Restricting the correlation between the reading and higher-order factors to zero reliably decreased the fit of the model. difference x2 (2) what is more interesting is that the higher-order and word traits show different relations to reading. The higher-order tasks are related to both reading comprehension and reading speed, while word tasks appear to be related to speed but not to comprehension. The difference in the pattern of correlation? is further evidence for the need to define separate (though correlated) speed and comprehension traits.
To summarize the results of this series of analyses. we constructed a final model that combines all three of the previous general models. The trait interrelationships of the combined model are shown in Table 9 . The model is now entirely parallel to the composite measure analysis of Table 5 . The convergence of these analyses is reassuring. The new model was then restrict4 as shown in Table IO . Reading and listening comprehension factors were combined: the letter factor and reading factor were made independent: and the relations between the higher-order factor and the two reading factors were equated. These restrictions did not significantly reduce the model fit. difference x'(8) = IO. p > . I. The specialized model is further evidence for the following statements:
(a) listening comprehension trait and reading comprehension trait were the same in our sample, (b) ability in letter tasks was not related to reading.
(c) speed and comprehension abilitie\ were equally related to higher-order tasks but differentially related to the ability to do word tasks, where speed shows the larger relationship.
GENERAL DISCUSSION
Perhaps the most secure result of the study is a replication of the small to moderate correlations previously found between select information processing measures and reading (or other indices of verbal ability). Such a replication is important for several reasons. First it used a larger sample size and improved statistical analyses. More importantly, it also addressed the problem of removing method factors from the information processing measures. Additionally, we found moderate correlations between higher-order tasks and reading. What can be concluded from these results?
It is necessary to distinguish between reading as an elementary information processing act and as a language comprehension act. Measures of reading comprehension alone do not measure individual differences in the uniquely visual processing aspects of reading, because reading comprehension can be predicted almost perfectly by a listening measure. Indeed. one can substitute listening comprehension, which obviously does not depend upon visual processes, for reading comprehension without much alteration in the pattern of individual differences (cf. Sticht. 1972) . The correspondence between reading and listening does not mean that the pattern of individual differences in comprehending written material is identical to the pattern of individual differences in comprehending normal speech, for we did not measure the latter. Norma1 speech uses a somewhat different grammer than written speech. and places more reliance on the pragmatic5 of and homonym accuracy. They claim to have accounted for nearly all of the variance in common between their reading measures. Specifically, using just their mea-\;ures of listening comprehension and letter decoding. they could account for 80% of the variance in reading scores. Our trait interrelationship estimates can be used to determine how much variance could be accounted for in a similar model using our corresponding measures. To make this calculation. we used our reading speed trait in place of their composite reading measure and our word processing trait in place of letter decoding. The illustrative calculation uses the correlation estimates from The relationship between the memory access hypothesis (cf. Jackson & McClelland. 1979) and the observed distinction between letter and word tasks is somewhat problematic. There are two potential problems. The first problem is the absence of correlations with reading for any of our letter tasks. Previous studies have found such correlations for letter-matching tasks (Hunt, Frost, & Lunneborg, 1973 : Hunt. Lunneborg, & Lewis, 1975 : Lansman et al., 1981 : Jackson & McClelland, 1979 . The earlier studies relied on the contrast between trials in lettermatching tasks that required matching on name or physical identity, whereas we did not distinguish between the two types of trials. Statistical analyses of the earlier studies have indicated that the previously reported correlation is due to the contrast between trials. a measure not available in this study (see the earlier discussion of the letter-matching results: Donaldson. 1983: and Jackson, 19803 . The second problem is the presence of correlations between word tasks and reading and the absence of similar correlations between superficially identical letter tasks and reading. Such a difference is not predicted from the memory access hypothesis. To maintain this hypothesis, we propose that words result in an obligatory memory access even if they are presented in a purely visual task. Such a proposal is plausible given the strong evidence that subjects often cannot avoid interference from visually presented words (e.g.. Stroop, 1935; Dyer, 1973) . Thus, by adopting this proposal, the difference between letters and words is compatible with the memory access hypothesis. In any case. the main point is that word processing does demand some ability related to reading while letter processing does not always demand such an ability.
Other findings also are available that bolster our conclusion that word processing abilities. but not letter processing abilities, are important for reading. For example, in a study contrasting fast and slow college readers, Graesser, Hoffman, & Clark (1980) found that the largest part of the total reading time difference between the two groups was due to word processing. There is also an older study of paper and pencil tasks by Holmes (1954) with similar conclusions. Thus, there appears to be a reassuring convergence over the limited set of studies that have focused on this question.
The results obtained here do indicate that individual differences in the speed of retrieval of a word's semantic associate are wide enough to influence individual differences in reading. The ability to perform well in tasks that involve the manipulation of meaning. such as the semantic categorization task, was related both to reading speed and to reading comprehension. While correlations between comprehension tasks and reading are not intuitively surprising, they have proven difficult to find in other investigations (e.g., Frederiksen. 1980 : Stanovich, 1980 ).
CONCLUSIONS
Three facts led us to conclude that reading speed and comprehension should be treated as distinct abilities rather than being combined into a single reading score. First, reading comprehension ability is highly related to listening comprehension ability. No similar relationship was found between reading speed and listening.
Second, reading speed is more related to the elementary information processing tasks than is reading comprehension. Third. and perhaps most important, the two measures are not closely related if the comprehension tests are not speeded (Blommers & Lindquist, 1944) . Each of these results would go unnoticed if one used a composite reading measure.
Our results also indicate that there are separate, though correlated, dimensions of ability for performing the lexical and syntactic-semantic components of reading. This does not mean that the different processes are necessarily executed sequentially. We address neither the theoretical (e.g., McClelland, 1979) nor empirical studies (e.g., Marcel, 1983 ) that argue fat some semantic processing before the completion of lexical processing. Our work does indicate that individuals vary separately in their abilities to execute each process.
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